Reference D2 

Japanese Patent Kokai No.64 - 83248 
Laid-opening date : 29 March 1983 
Application No. : 62 - 239792 
Filing date : 24 September 1987 
Applicant : SHIMAZU SEISAKUJO K.K. 

(Shimazu Co. Ltd) 

Kyoto city, Kyoto 

Title : Ultrasonic wave examination apparatus for examining an object 
[Claims] 

1. An ultrasonic wave examination apparatus for examining an object, 
characterized in that the apparatus comprising- 

a pressure apply means for changing a pressure to a specimen (l) ; 

a means for allowing an ultrasonic wave in burst mode incident into a 

specimen (l); and 

a signal detection means for detecting a changing of a received wave signal 
relative to said pressure. 

2. An ultrasonic wave examination apparatus according to claim 1, 
characterized by the fact that, said pressure apply means is a low 
frequency vibration apply means. 

3. An ultrasonic wave examination apparatus according to claim 1, 
characterized by fact that, said signal detection means is a means for 
obtaining a rate of an amplitude and a phase of the received wave 
signal. 

4. An ultrasonic wave examination apparatus according to claim 1, 
wherein said signal detection means displays a plurality of two 
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dimensional echo images from the received wave signal in 
correspondance to a degree of the pressure, and obtains a correlation 
relating to each parts divided in a suitable volume. 

[Detailed description of the invention] 
[Industrial field of the invention] 

The invention relates to an apparatus for examining an object using an 
ultrasonic wave. 

[Embodiments of the invention] 

In Figure 1, a vibration plate 2 is attached to a tip of a vibrator 3 for 
changing a pressure of a low frequency and closely located on the surface of a 
specimen 1. The vibrator 3 is held by a spring balancer 4. Also on the 
surface of the specimen 1, an ultrasonic wave transducer array 6 is located 
through a gel substance 5. The gel substance 5 matches with audio 
impedance between the transducer array 6 and a specimen 1. 

Alow frequency wave signal of 100 — 500 Hz from a low frequency wave 
oscillator 32 is transmitted to the vibrator 3 via an electric power amplifier 
31 and the vibrator is driven. The vibration plate 2 is a flat plate of 120 mm 
X 35 mm for example, and vibrated with above frequency. Its amplitude is 
under 200 i± m. 

The ultrasonic wave transducer array 6 is connected with a B-mode 
scanner, which consists of a burst signal generator 71, an electric power 
amplifier 72, an amplifier 73, a logarithmic amplifier 74, and an envelope 
detector 75. Namely the burst signal generator 71 generates 10 wave 
length of a sinusoidal wave of 5.5 MHz in burst mode, the signal is 
transmitted to the transducer array 6 via the electric power amplifier 72, 
and 3.5 MHz burst mode supersonic wave is allowed incident into specimen 1 
as a probe wave. The probe wave reflected from the specimen 1 is received 
by the transducer array 6, transmitted to the envelope detector 75 via the 
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logarithmic amplifier 74, and an envelope of received signal is detected. 
The ultrasonic wave beam is scanned on one sectional part in the specimen 1, 
an envelope of their reflected wave is obtained, and a two-dimension echo 
image, i.e. so-called B-mode image is obtained on the section by displaying 
the envelop in each locations of beam. 

The envelope output is taken into a microcomputer 84 via a low-pass 
filter 82 and A/D converter 83, handled as below, whereby the images 
obtained are displayed by a display device 85. 

A timing generator 81 adjusts timings for generating probe wave as 
shown in Figure 2 and the timings are set at desired phase 6 1 and 6 2. 
The phase 0 1 is set in an area where a variation (?) of a low frequency 
vibration is small and the phase 6 2 is set where a variation (?) of a low 
frequency vibration is maximum. Providing that the envelope output El(t) 
of a reflected wave of one probe wave is generated in the phase 6 1 as shown 
in Figure 3 and the envelope output E2(t) of a reflected wave of one probe 
wave is generated in the phase 6 2 as shown in Figure 2. 

The microcomputer 84 calculates AE(t) = {|E2(t) - El(t) I /El(t)} -f 
(El(t)) and obtains a variation rate A E of a reflected wave amplitude. Here, 
a function f (El(t)) is an amplitude filter for restricting a divergent of A E in 
an area where El(t) is small. Therefore, AE is obtained as shown in 
Figure 5. Also, for example, an average < AE> of the variation rate AE 
in each 2mm section is shown with a dotted line in Figure 5. 

As such, the generating of the probe wave and the receiving of the 
reflected wave in two phases of low-frequency vibration are repeated on 
defined section of the specimen 1 with relating to a ultrasonic wave beam, 
whereby distribution images of the variation rate or the average < A E > in 
said section are obtained, and the distribution images are displayed by the 
display device 85. 

Then the low frequency vibration is applied to the specimen 1 by the 
vibration plate 2, the vibration transmits inside the specimen 1, perturbation 
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is caused to a plurality of micro reflections in the specimen 1 by the 
transmitted vibration pressure. As a result, responses to the ultrasonic 
wave are different between the case of causing perturbation and the case of 
no-causing perturbation. Said variation rate AE (or < AE>) indicates 
elastic property which shows easy of causing perturbation inside the 
specimen 1, since the timings of two envelope wave are defined to 
differentiate the variation of the low frequency vibration as above. 
Therefore, the display device 85 displays the distribution images of elastic 
property in the specimen 1 as tomographic image. 

Actually a phantom is made in that a hard agar is embedded into an 
agar mixed with soft graphite and an experiment is carried out with the 
phantom. In that case the hard agar can not be identified in normal B mode 
image but it can be discriminated in A image clearly. Also on other 
imaging experiment using a right fore arm, a difference of an elastic property 
relating to tension and loose of muscles can be discriminated in A E image 
but mostly it can not be discriminated in normal B mode image. 

Namely as above, the supersonic wave is caused in response to the 
perturbation which is applied by the low frequency vibration, and the 
difference responding to the supersonic wave can be grasped as the 
amplitude change of the reflected wave and also as the phase velocity change 
of the reflected wave. 

Also it can be thought that in response to whether there is the low 
frequency for applying a perturbation or not, B mode images are obtained in 
each case, and in relation to each part of the images which are divided into 
suitable sizes, a correlation coefficient between the images is calculated and 
displayed. In relation to a plurality of B mode images corresponding to 
different phases of low frequency vibration, the correlation coefficient may be 
obtained and displayed in the same manner. 

As above, the low frequency vibration is used for applying the 
perturbation to micro reflections in the specimen 1, but instead of such low 


4 


frequency vibration any kinds of static pressure can be applied, and the 
difference responding to the ultrasonic wave can be detected. 

[Brief description of the drawings] 
[Figure 1] 

A block diagram of one embodiment according to the invention; 
[Figure 2] 

A waveform graph showing phase of probe wave to low frequency 
vibration; 
[Figure 3] 

A waveform graph showing envelope of reflected wave of probe wave; 
[Figure 4] 

A waveform graph showing envelope of reflected wave of probe wave; and 
[Figure 5] 

A waveform graph showing amplitude variation rate of reflected wave. 

[List of the reference numerals] 
1- -Specimen 

2 • - Vibration plate 

3 -Vibrator 

4- -Spring balancer 

5- -Gel substance 

6* -Ultrasonic transducer array 
7- -B mode scanner 
31, 72 • • -Electric power amplifier 
32 -Low frequency wave generator 
71- -Burst signal generator 

73- -Amplifier 

74- - Logarithmic amplifier 
75 -Envelope detector 
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81** - Timing generator 
82 • • -Low pass filter 
83 • • • A/D converter 
84* * -Microcomputer 
85-" Display device 
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